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C o - I n v e s t i g a t o r s :  D r .  E .  E .  Kohnke, Department of Phys ics  
D r .  C .  M .  Cunningham, Department of Chemistry 

Pres en  t Graduate  Research A s  s is  t a n  t s : 

H. Matthews - M.S. Candida te ,  P r o s p e c t i v e  Ph.D. 
Candida te ,  NASA T r a i n e e  

J .  Rutledge,  M.S. Candida te ,  P r o s p e c t i v e  Ph.D. 
Candidate ,  NASA T r a i n e e  

T. Vernardakis  - M.S. Candidate  

J .  Tunheim - P r o s p e c t i v e  Ph.D. Candidate  

Pos t -Doctora l  Research Assoc ia te  (June-August):  

D r .  J,. Houston 

Degrees Granted:  

J .  Houston - Doctor of Phi losophy ( P h y s i c s ) ,  May, 1965. 

H. Matthews - Master of  Sc ience  ( P h y s i c s ) ,  May, 1965. 

The o t h e r  members of t h e  r e s e a r c h  group are making s a t i s f a c t o r y  p r o g r e s s  
toward t h e  a p p r o p r i a t e  advanced d e g r e e s .  M r .  J .  Rut ledge  a n t i c i p a t e s  complet ion 
of a l l  requi rements  f o r  t h e  d e g r e e  of Master  of Sc ience  by October ,  a l though i t  
w i l l  n o t  be o f f i c i a l l y  awarded u n t i l  t h e  1966 s p r i n g  commencement. 

R e p o r t s  and P u b l i c a t i o n s :  

A T e c h n i c a l  Report  e n t i t l e d ,  "A P r e l i m i n a r y  Study of C e r t a i n  E l e c t r i c a l  
P r o p e r t i e s  of S t a n n i c  Oxide Ceramics," by H. E .  Matthews and E .  E .  Kohnke 



( I n t e r i m  Report  SS-1) w f u r n i s h e d  t o  t h e  O f f i c e  of  Grants  and Rese r c h  C o n t r a c t s  
i n  A p r i l ,  1965. Word w a s  r e c e i v e d  i n  June t h a t  i t  h a s  been recommended f o r  
i s s u a n c e  as a formal  NASA p u b l i c a t i o n  and has  been turned  o v e r  t o  NASA's P u b l i c a -  
t i o n  S tandards  S e c t i o n  f o r  f i n a l  p r e p a r a t i o n .  
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A paper  e n t i t l e d ,  "The D i s p e r s i o n  of Dielectr ic  Cons tan t  and R e s i s t i v i t y  
i n  S t a n n i c  Oxide Ceramics," by H. E .  Matthews w a s  p r e p a r e d  and p r e s e n t e d  as a 
s t u d e n t  e x e r c i s e  a t  t h e  December, 1964 meeting of  t h e  Oklahoma Academy of  
Sc ience .  P r o o f s  have been r e t u r n e d  and t h e  paper  w i l l  appear  i n  t h e  n e x t  
Annual Proceedings .  R e p r i n t s  w i l l  be f u r n i s h e d  when t h e y  become a v a i l a b l e .  

A Technica l  Report  e n t i t l e d ,  "Surface Parameters  of  S t a n n i c  Oxide 
i n  Powder, Ceramic, and G e l  Form by Ni t rogen  Adsorpt ion Techniques,"  i s  i n  
t h e  f i n a l  s t a g e s  of p r e p a r a t i o n  and c o p i e s  w i l l  be  f u r n i s h e d  t o  t h e  O f f i c e  
of  Grants  and Research C o n t r a c t s  by t h e  f i r s t  o f  November. 

Technica l  Accomplishments and Work i n  Progress :  

A. Ceramic Specimen P r e p a r a t i o n  and E l e c t r i c a l  P r o p e r t i e s  (MATTHEWS) 

P r e p a r a t i o n  methods and p r e l i m i n a r y  e l e c t r i c a l  p r o p e r t y  e v a l u a t i o n s  
were d e s c r i b e d  i n  I n t e r i m  Repor t  SS-1 above. New methods f o r  producing  b e t t e r  
samples a r e  under cont inued  s t u d y .  A powder t r e a t m e n t  u s i n g  e t h y l e n e  g l y c o l  
as a b i n d e r  s o l u t i o n  h a s  been developed. Very l i t t l e  d e n s i f i c a t i o n  w a s  no ted  
i n  t h e  f i r s t  samples composed of  "purett  Sn02, so  g r a i n  s i z e s  of  t h e  i n i t i a l  
powder have been measured ( - 1 . 5 ~ )  and a n  i n v e s t i g a t i o n  of t h e  p o s s i b i l i t y  of  
u s i n g  SnO2 g e l  as a b a s e  m a t e r i a l  f o r  h i g h e r  d e n s i t y  ceramics  i s  under way. 
A l i m i t e d  s t u d y  i s  b e i n g  made on t h e  k i n e t i c s  of g r a i n  growth u s i n g  e x i s t i n g  
d a t a  and meta l lograph  p i c t u r e s  obta ined  a t  t h e  C o n t i n e n t a l  O i l  Company 
Research Labora tory ,  Ponca C i t y ,  Oklahoma. 

Work i s  c o n t i n u i n g  on  t h e  p r o p e r t i e s  d e s c r i b e d  i n  t h e  above r e p o r t  
i n  an e f f o r t  t o  c o r r e l a t e  them w i t h  f a b r i c a t i o n  t e c h n i q u e s .  I n  p a r t i c u l a r ,  
a c t i v a t i o n  e n e r g i e s  as o b t a i n e d  from conductance v e r s u s  tempera ture  c u r v e s  
i n  t h e  tempera ture  r e g i o n  from -150 t o  +looo C are b e i n g  c a r e f u l l y  i n v e s t i -  
g a t e d  t o  de te rmine  t h e  e f f e c t s  of ZnO doping.  

B . Surf  ace  Areas (RUTLEDGE) 

A c o n v e n t i o n a l  gas  a d s o r p t i o n  a p p a r a t u s  employing 32  volumes d i f f e r -  
i n g  by about  8 cm3 i n  t h e  c a l i b r a t e d  bulb  system h a s  been d e s c r i b e d  i n  a 
p r e v i o u s  s t a t u s  r e p o r t  and has  been used t o  measure t h e  volume of n i t r o g e n  
adsorbed as a f u n c t i o n  of p r e s s u r e  on t h r e e  forms of  Sn02 - -  powder, ceramic 
and g e l  - -  a t  780 K .  'These isotherms were f i t t e d  t o  t h e  B . E . T .  a d s o r p t i o n  
e q u a t i o n  w i t h  a good f i t  up t o  r e l a t i v e  p r e s s u r e s  of 0 .20.  

The s p e c i f i c  s u r i a c e  of each sample w a s  c a l c u l a t e d  from t h e  B . E . T .  
e q u a t i o n  and geometr ic  c o n s i d e r a t i o n s  resu i r r ing  i n  t h e  f o l l o w i n g  areas: 

1 )  Sn02 Powder (Reagent Grade) - 2 . 0  m2/gm 

2 



# 

2 )  

3)  

Sn02 Ceramic (Low D e n s i t y )  - 0.37 m2/gm 

Sn02 G e l  ( I o n - f r e e )  - 173 m2/gm. 
b 

I n  a d d i t i o n ,  t h e  a d s o r p t i o n  i so therms have been analyzed t o  d e t e r m i n e  
t h e  n a t u r e  of  t h e  s u r f a c e s  w i t h  r e s p e c t  t o  p o r e s  and c a p i l l a r i e s .  For t h e  
ceramic specimen, a Type  I1 i s o t h e r m  w i t h  no h y s t e r e s i s  i n d i c a t e s  p o r e  r a d i i  
>300%. 
c a p i l l a r i e s  of  molecular  dimensions ( i . e . ,  - 2 0 a ) .  
e x h i b i t e d  a Type I1 i s o t h e r m  i n d i c a t i n g  t h e  average  s p h e r i c a l  d iameter  of  t h e  
p a r t i c l e s  t o  be 0 . 4 3 P .  Comparison with microscope d a t a  r e s u l t s  i n  a roughness  
f a c t o r  of about  3 f o r  t h e s e  p a r t i c l e s .  

The g e l  e x h i b i t e d  a Type I iso therm w i t h  no h y s t e r e s i s  s u g g e s t i n g  s m a l l  
The powder sample a l s o  

This  work forms t h e  b a s i s  f o r  M r .  R u t l e d g e ' s  M.S. t h e s i s  and w i l l  
be  r e p o r t e d  i n  d e t a i l  i n  t h e  Technica l  Report  mentioned p r e v i o u s l y .  

C .  Low Temperature I R  Absorpt ion (VERNARDAKIS) 

An a p p a r a t u s  which can  b e  used i n  t h e  i n v e s t i g a t i o n  of t h e  photo-  
c o n d u c t i v i t y  of  s o l i d s  and t h e  i n f r a r e d  a b s o r p t i o n  of g a s e s  adsorbed on t h e s e  
s o l i d s  between 20 and 300' K has  been assembled.  T h i s  a p p a r a t u s  i s  now b e i n g  
checked o u t  and i t  i s  f i r s t  planned t o  i n v e s t i g a t e  samples o f  Sn02 g e l s  which 
are b e i n g  p r e p a r e d  i n  t h i s  l a b o r a t o r y .  

Of i n i t i a l  i n t e r e s t  w i l l  be  t h e  m o d i f i c a t i o n  of t h e  i n f r a r e d  t r a n s -  
m i s s i o n  of t h e  Sn02 g e l  by t h e  s o r p t i o n  of t h e  hydrogen, oxygen, water vapor  
and o t h e r  g a s e s  on  i t s  s u r f a c e .  

Developmental work i s  be ing  done on t h e  p r o d u c t i o n  of g e l s  w i t h  
d i f f e r e n t  p r o p e r t i e s  and a f u l l  r e p o r t  of p r e p a r a t i o n  t e c h n i q u e s  w i l l  b e  
i n c l u d e d  i n  t h e  Technica l  Repor t  r e f e r r e d  t o  i n  t h e  p r e v i o u s  s e c t i o n .  

D .  Resonance Measurements (TUNHEIM) 

P r e l i m i n a r y  NMR s t u d i e s  have been made on w a t e r - s a t u r a t e d  Sn02 
ceramics .  A s i g n a l  w i t h  l a r g e  s p i n n i n g  s i d e  bands w a s  observed f o r  a w h i t e  
ceramic f i r e d  a t  l l O O o  C w h i l e  no o b s e r v a b l e  s i g n a l  w a s  o b t a i n e d  f o r  a p i n k  
ceramic of t h e  same composi t ion f i x e d  a t  1460° C .  
a r e  n o t  unders tood  a t  t h i s  t i m e  and t h e  phenomena are under cont inued  i n v e s t i -  
g a t  i o n .  

Reasons f o r  t h e s e  r e s u l t s  

An NMR s i g n a l  i n  Sn02 g e l  d r i e d  a t  120' C h a s  been observed a t  room ,.-. 
t empera ture  w i t h  a T2" 5 m s e c .  F u r t h e r  s t u d i e s  v a r y i n g  d r y i n g  c o n d i t i o n s  and 
t o t a l  a d s o r p t i o n  are i n  p r o g r e s s .  

E .  Photoresponse S t u d i e s  

A p o r t i o n  of D r .  J .  Houston's Research A s s o c i a t e  s t i p e n d  f o r  t h e  
summer w a s  suppor ted  by Grant  funds .  H i s  e f f o r t s  were d i r e c t e d  toward e x t e n s i o n  
and re f inement  of  exper imenta l  techniques i n  t h e  p h o t o e l e c t r o n i c  a n a l y s i s  work 
and toward improvements i n  c i r c u i t r y  and c r y o s t a t  d e s i g n .  Added m o d i f i c a t i o n s  
of t h e  b a s i c  c r y o s t a t  d e s i g n  have l a r g e l y  e l i m i n a t e d  e l e c t r i c a l  n o i s e  problems 

3 



, I * 
and made PossibLe an  e x t e n s i o n  of  t h e  tempera ture  r ange  €or  t h e s e  measurements. 
Completion of t he  new c r y o s t a t  i s  expected s h o r t l y  and a new s e r i e s  of photo-  
e l e c t r o n i c  a n a l y s i s  measurements w i l l  be i n i t i a t e d  a t  t h a t  t ime ,  
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